hosts. Anisakis is also capable of infecting larger piscivorous hosts (e.g. Gadus morhua linnaeus, Merluccius merluccius [linnaeus] ) without further moult. this leads to the accumulation of enormous numbers of larvae and enhances the transmission probability to their respective definitive hosts (Lile 1998 , Hammerschmidt et al. 2009 , Busch et al. 2012 .
Until molecular techniques became routine diagnostic tools, the identification of larval anisakid nematodes was difficult and largely based on slight differences in the arrangements and morphometrics of the internal structures such as the alimentary tract, the orientation of the excretory pore and the shape of the tail Nascetti 2008, Klimpel and . in the case of the morphological almost indistinguishable species Anisakis (cryptic species), a correct assignment to their respective species was not feasible, which often led to erroneous identifications . Population-based multilocus enzyme-electrophoresis (MAE) as well as Pcr-based approaches such as Pcr-rFlP (restriction Fragment length Polymorphism), sscP (single-strand conformation Polymorphism) or DNA sequencing of genetic markers have remarkably increased our knowledge of the actual species diversity and species composition (e.g. Anderson et al. 1998 , Klimpel et al. 2008 . Application of these methods to taxonomic studies of Anisakis spp. has revealed the existence of nine distinct species with different host preferences, ecology and zoogeography (e.g. Klimpel et al. 2004 , Valentini et al. 2006 .
The genus comprises two major clades; the first clade includes the A. simplex-complex (A. simplex [rudolphi, 1809] Nascetti, Paggi, orecchia, smith, Mattiucci et Bullini, 1986) as well as A. typica (Diesing, 1860) and two sister-species A. nascettii Mattiucci, Paoletti et Webb, 2009 and A. ziphidarum Paggi, Nascetti, Webb, Mattiucci, cianchi et Bullini, 1998 . the second clade consists exclusively of the A. physeteris-complex (A. brevispiculata Dollfus, 1966 , A paggiae Mattiucci, Nascetti, Dailey, Webb, Barros, cianchi et Bullini, 2005 physeteris [Baylis, 1923] ) (Mattiucci et al. 2009 .
Because of the abundance of anisakids in commercially important fishes and its implication for human health, an enormous number of host records of Anisakis has accumulated in the literature, however, often resulting only from morphological identification. suggested that not all Anisakis species are dangerous to humans, and thus a closer look to the real host range of the different species is necessary. so far, no comprehensive overview has illustrated the host and distribution patterns of Anisakis spp., making it difficult to uncover the life cycle ecology and zoogeographical distribution patterns.
the present study summarizes a large sample size of Anisakis individuals from different teleost intermediate hosts, geographical regions and climate zones, using direct sequencing of the its molecular marker. the obtained data set is combined with already existing parasite-host records based on molecular identification, demonstrating the different hosts and zoogeographical distribution patterns for the species. implications for the life cycles of nine different Anisakis species are discussed.
MATERIALS AND METHODS

Sample collection
A total of 330 Anisakis third-stage larvae were isolated from 26 teleost species from 21 localities around the world (table 1; in part Kuhn et al. 2011) . specimens were extensively washed in 0.9% saline solution and identified morphologically to the genus level according to Anderson (2000) . All samples were preserved in EtoH (100%) prior to molecular examination.
Molecular analysis
Genomic DNA was isolated and purified from individual larvae using a genomic DNA extraction kit (Peqlab Biotechnology gmbH, Erlangen) according to the instructions of the manufacturer. the rDNA region comprising the its-1, 5.8s, its-2 and flanking sequences (= ITS+) was amplified using the primers Nc2 (5'-ttA-gtt-tct-ttt-cct-ccg-ct-3') and tK1 (5'-ggc-AAA-Agt-cgt-AAc-AAg-gt-3') (Zhu et al. 2000 . PCR-reaction (50 μl) included 25 μl Master-Mix (Peqlab Biotechnology gmbH, Erlangen) containing dNtP, Mgcl 2, Buffer and Taq-Polymerase, 3 μl of each primer (10 pmol/µl), 14 ddH 2 O and 5 μl genomic DNA extract.
Pcr reactions were performed in an Advanced Primus 96 thermocycler (Peqlab) under the following conditions: initial denaturation at 95 °c for 1 min; 40 cycles of 94 °c for 45 sec (denaturation), 55 °c for 45 sec (annealing), 72 °c for 45 sec (extension); final extension at 72 °C for 10 min. Negative controls (reactions without DNA) were included in each Pcr run. PCR products were examined on 1% agarose gels and purified with cycle-Pure Kit (Peqlab Biotechnology gmbH, Erlangen) and a total volume of 7 μl, including 2 μl primer (100 pmol/µl) and 5 μl of the PCR product (250 ng/μl) was sequenced by Seqlab (goettingen gmbH). Both spacers and the 5.8s gene from each Pcr product were sequenced using the primer tK1.
Sequence analyses
For sequence analyses, electropherograms were checked manually and sequences were aligned using clUstAlX (v.2.0.1.0) (larkin et al. 2007 ) to visualize genetic polymorphisms. For species identification, sequence data of each reaction were compared with previously published data in genBank by using the BlAstn algorithm (Altschul et al. 1990 ). (E-value = 0.00) and 99.0% identity to several different sequences, A. simplex s.s., A. pegreffii and A. simplex c, respectively (table 1) . the sequence Aindet_Balru_char_121.1 was heterozygote at positions 281 and 296 of the aligned sequences. these positions are known as diagnostic sites of the its marker between the sister species A. simplex s.s. and A. pegreffii. Abollo et al. (2003) identified hybrids between both species in a sympatric area along the galician coast of spain (Atlantic ocean). the authors eliminated the regular polymorphisms as well as incomplete concerted evolution within a multicopy gene as possible reasons and cited the exchange of genetic material between both species as the most likely cause for such hybridization events. Despite limited sample size, this is further corroborated by the fact that both presumably admixed genotypes were encountered in populations where both pure species occur.
RESULTS AND DISCUSSION
it is not known whether hybridization in Anisakis enables adaptation to particular environmental conditions or whether it is a consequence of incomplete barriers to hybrid mating, but it could reflect the radiation within the genus Anisakis. However, since DNA turnover mechanisms, including slippage during DNA replication, gene conversion, unequal crossing-over or transposition events or simply intraspecific variations cannot be excluded as cause for the polymorphisms, the hybrid hypothesis within the genus Anisakis needs to be rigorously tested and critically evaluated by analyzing natural populations and large sample sizes, and more genomic loci (Hailer et al. 2012) .
the obtained sequence data were combined with the host records from 60 previous molecular studies to evaluate the role of the teleost intermediate and paratenic hosts in the life cycle of these parasites. A total of 155 teleost fish species from 71 families and 19 orders have been reported in the literature (table 2) . Perciform (57 species) and gadiform (21) fishes were the most frequently infected orders, followed by pleuronectiforms (15) and scorpaeniforms (15). the scombridae (12), gadidae (10), carangidae (8), clupeidae (7), Pleuronectidae (6) and salmonidae (5) were the most frequently represented families, with Merluccius merluccius alone harbouring eight different Anisakis species (table 2) .
The vast majority are food fishes of high commercial interest, reflecting the extensive scientific effort that has dealt with the role of Anisakis as causative agent of the food-borne parasitic zoonosis called anisakiasis. Anisakis is usually associated with the traditions of consuming raw or insufficiently cooked fish (e.g. salted herring, sushi, sashimi) and the increasingly popular habit not to overcook food (Audicana and Kennedy 2008) .
The fish hosts recorded were classified into three habitats (pelagic, benthopelagic, demersal), according to the definitions provided by Froese and Pauly (2012) . Pelagic fish species live and feed in the open sea and are usually associated with the surface or the middle depths of a water body. Benthopelagic fishes are living near the bottom as well as in midwaters, where they feed on benthic and/ or free swimming organisms. In contrast, demersal fishes live and feed on or near to the sea floor (Froese and Pauly 2012). our data demonstrate that 71 of the 155 reported hosts live in pelagic and benthopelagic environments.
Nearly the same number (72) is demersal and another 12 are known to be reef-associated (Froese and Pauly 2012) (Fig. 1) . Although the majority of fishes have been classified demersal, many of them are known to extend their feeding range into the benthopelagic and feed on both benthic and (bentho-)pelagic organisms (e.g. species of Merluccius, Gadus linnaeus, Pollachius Nilsson, Hippoglossus cuvier and Conger Bosc). taking into account the large number of hosts of each species that live in pelagic, demersal and benthopelagic habitats, it becomes apparent that the life cycle of Anisakis includes food chains throughout the water column with a bias towards (bentho-)pelagic environments (see also Fig. 1 ).
Anisakis pegreffii (101 records) was the most frequently reported species in the literature, followed by A. simplex s.s. (63) (table 2). this is very likely due to the fact that the former species is widely distributed in western Pacific waters around Japan, where most food-borne diseases like anisakiasis occur (e.g. Palm 2011, Kuhn et al 2011) . However, there was no consensus whether A. pegreffii and A. simplex s.s. complete life cycles mainly in pelagic or in benthic habitats (e.g. Mattiucci et al. 1997 . Abollo et al. (2001) demonstrated that 80% of the fish hosts of A. simplex s.s. are nektobenthic or demersal, whereas no infection with A. pegreffii was found in large pelagic cephalopods. our data demonstrate that both parasite species as well as A. simplex c have similar proportions of fish hosts that live in pelagic, benthopelagic and demersal habitats suggesting similar life cycle strategies (Fig. 1) .
these data are congruent with the so far known spectrum of definitive hosts reported for these species. the very closely related A. simplex s.s., A. pegreffii and A. simplex c mature mainly in oceanic dolphins, which are known to feed offshore on large pelagic and benthopelagic fishes (Højgaard 1998 , Jefferson et al. 2008 . this would suggest a mainly (bentho-) pelagic life cycle for these species. According to Klimpel et al. (2004 Klimpel et al. ( , 2007 , it seems that at least A. simplex s.s. can perform a pelagic life cycle in the Norwegian Deep off the continental shelf.
With 26 records of A. typica, 16 of A. physeteris, 7 of A. ziphidarum, 6 of A. nascettii and A. paggiae and 5 of A. brevispiculata, respectively, these species were far less frequently reported from fish intermediate hosts. However, considering the feeding behaviour of the reported cetacean definitive hosts, e.g. Ziphius cavirostris cuvier, Phy- 2, 3, 6, 11, 17, 25, 27, 30, 31, 32, 33, 38, 39, 41, 44, 45 Abattouy et al. 2011; 2 -Abollo et al. 2001; 3 -Abollo et al. 2003; 4 -Baldwin et al. 2011; 5 -Bernadi et al. 2011; 6 -chaligiannis et al. 2012; 7 -chou et al. 2011; 8 -cross et al. 2007; 9 -Du et al. 2010; 10 -Dzido et al. 2009; 11 -Farjallah et al. 2008a; 12 -Farjallah et al. 2008b; 13 -Hermida et al. 2012; 14 -iñiguez et al. 2009; 15 -Karl et al. 2011; 16 -Kellermanns et al. 2007; 17 -Kijewska et al. 2009; 18 -Klimpel et al. 2004; 19 -Klimpel et al. 2006; 20 -Klimpel et al. 2007; 21 -Klimpel et al. 2008; 22 -Klimpel et al. 2010a; 23 -Klimpel et al. 2010b; 24 -Klimpel et al. 2011; 25 -Kuhn et al. 2011; 26 -lee et al. 2009; 27 -MacKenzie et al. 2002; 28 -Marques et al. 2006; 29 -Marques et al. 2009; 30 -Mattiucci and Nascetti 2006; 31 -Mattiucci and Nascetti 2007; 32 -Mattiucci and Nascetti 2008; 33 -Mattiucci et al. 1997; 34 -Mattiucci et al. 2001; 35 -Mattiucci at el. 2002; 36 -Mattiucci et al. 2004; 37 -Mattiucci et al. 2005; 38 -Mattiucci et al. 2007; 39 -Mattiucci et al. 2008; 40 -Mattiucci et al. 2009; 41 -Meloni et al. 2011; 42 -Murata et al. 2011; 43 -Murphy et al. 2010; 44 -Nadler et al. 2005; 45 -Nascetti et al. 1986; 46 -Noguera et al. 2009; 47 -Palm et al. 2008; 48 -Pontes et al. 2005; 49 -Quiazon et al. 2008; 50 -Quiazon et al. 2009; 51 -Quiazon et al. 2011a; 52 -Quiazon et al. 2011b; 53 -shamsi et al. 2011; 54 -shih 2004; 55 -skov et al. 2010; 56 -suzuki et al. 2010; 57 -Umehara et al. 2006; 58 -Umehara et al. 2008; 59 -Zhang et al. 2007; 60 -Zhu et al. 2007 . . The latter four Anisakis species mainly use the same (meso-)pelagic, piscivorous fish species such as Aphanopus carbo lowe, Beryx splendens lowe, Hoplostethus cadenati Quéro, Merluccius merluccius and M. polli (cadenat) as well as Pagellus bogaraveo (Brünnich) in their life cycles (table 2).
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